In this paper we show how to use open source software to solve a non-trivial structural multiobjective optimization problem. Scilab has been used in this case as a PIDO (process integration and design optimization) tool.
Introduction
Sometimes it happens that a small-to-medium sized firm does not benefit from the advantages that could be achieved through the use of the virtual simulation and the optimization techniques. This represents in many cases a great limitation in the innovation of products and processes, and this can lead, in a very short time, to a complete exclusion from the market and to an inevitable end. Nowadays, it is mandatory to reduce as much as possible the time-to-market, while always improving the quality of products and satisfying the customer needs better that the competitors. In some fields it is a question of "life or death". According to our opinion the main reasons that limit or, in the worst case, make impossible the use of the virtual simulation and the optimization techniques can be grouped into three categories:
1. These techniques are not yet sufficiently known and the possible users do not have a great confidence in results. Sometimes physical experimentation, guided by experience maturated in many years of practice, is thought to be the only possible way to proceed. This is actually wrong in the large majority of cases, especially when new problems have to be solved. A change in the vision is the most difficult but essential step to do in these contexts. 2. Adequate hardware facilities considered necessary to perform an optimization process are not actually available and therefore the design time becomes too long. We are convinced that, in many cases, common personal computers are enough to efficiently solve a large variety of engineering problems. So, this second point, which is often seen as an enormous obstacle, has to be considerably downsized. 3. The simulation software licenses are too much expensive given the firm's financial resources. Even though the large majority of commercial software house offers a low-cost first entry license, it is not always immediately evident that these technologies are not just an expense, but rather a good investment.
As briefly stated above, the second point often does not represent a real problem; the most important obstacle is summarized in the first point. People actually find it hard to leave a well-established procedure, even if obsolete, for a new one which requires a change in the everyday way of working. The problem listed in the third point can be solved, when possible, by using open source (see [1] ), free and also home-made software. It is possible to find, with an accurate search on internet, many simulation software systems which are freely distributed by the authors (under GNU license in many cases). Some of them also exhibit significant features that usually are thought to be an exclusive to commercial software. As usual, when adopting a new technology, it is recommended to consider both the advantages and the disadvantages. We have compared in which not rarely reflect a specific industrial trends or needs. Commercial software are usually "plug-and-play": the user has just to install the package and start using it. On the contrary -but not always -open source software could require some skills and efforts in compiling code or adapting a package to a specific configuration. Software houses usually offer to the customer technical support, which can be, in some cases, really helpful to make the investment profitable. An internet forum, when it exists, is the only way to have support for a user of an open source code. Another important issue is the usability of the simulation software, which is mainly given by a user-friendly graphical interface (often referred to as GUI 
The structural optimization problem
In this work a C-type press is considered, as the one shown in Figure 2 . This kind of geometry is preferred to other ones when the force that has to be expressed by the hydraulic cylinder is not very high, usually not greater than roughly 200 [Ton] . The main advantages of this type of presses are essentially the relative low weight and volume of the machine and the possibility to access the workbench from three sides. The dimensioning of the lateral C-shaped profiles is probably one of the most challenging phase in the design process; the large majority of weight and cost, for the mechanical part at least, is actually concentrated there. Consequently, a good designer looks for the lightest profile which is able to satisfy all the structural requirements. Moreover, an economical configuration is also desired in order to reduce as much as possible the production cost.
When optimizing, the designer should also take into account some aspects which are not strictly related to structural issues but are however important or, in some cases fundamental, to deal with an optimal design. These aspects could be related to the availability of materials and components on the market, technical norms that have to be satisfied, marketing indications and more. In our case the steel plate supplier, for example, can provide only the configurations collected in Table 2 . It is clear that an optimization process that does not take into consideration these requisites could lead to configurations which are optimal only from a theoretical point of view, but which cannot be practically implemented. For example, a very light configuration is not of practical interest, if it requires a steel characterized by a yield limit greater than 600 [MPa] . For this reason all the requisites collected in Tables 2 and 3 have been included in order to drive the optimization algorithm to feasible and interesting solutions. Moreover, it is required that the hollow in the plate (H2-max(R1,R2) x V2, see Figure 3 ) is at least 500 x 500 [mm] to allow the positioning of the transversal plates and the hydraulic cylinder. Another technical requisite is that the maximum vertical displacement is less than 5 [mm] to avoid excessive misalignments between the cylinder axis and the structure under the usual operating conditions. This limit has been chosen arbitrarily, in the attempt to exclude the designs that are not sufficiently stiff, taking into account, however, that the C-plate is a part of a more complex real structure which will result much more stiff that what calculated with this simple model. A designer should recognize that the solution of such problem is not exactly trivial. Firstly, it is not easy to find out a configuration able to satisfy all the requisites listed above; secondly, it is rather challenging to obtain a design that minimize both the volume of the plate (the weight) and the production cost.
The open source software for the structural analysis
The Gmsh has been used as a preprocessor to manage a parametric geometry of the Cshaped plate and mesh it in batch. The Gmsh has the possibility to mesh a non-regular geometry using triangular elements; many controls are available to efficiently define the typical element dimension, the refinement depth and more. It is a very powerful software also able to manage three-dimensional complicated geometry and efficiently mesh them using a rich element library. The mesh can be exported in a formatted text file where the nodes and the element connectivities are listed, together with some useful information related to the so-called physical entities, previously defined by the user: these information can be used to correctly apply, for example, boundary conditions, domain properties and load to a future finite element model. The CalculiX finite element software has been used to solve the linear elastic problem. Also in this case a batch run is available; among the many interesting features that this software offers are the easy input text format, and the possibility to both perform linear and non-linear static and dynamic analyses. CalculiX also offers a pre and post processing environment, called CalculiX GraphiX, which can be used to prepare quite complicated models and, above all, display results. These two software are both well documented and also some useful examples are provided to the novel users. The input and output formats are, in both cases, easy to understand and manage. In order to make the use of these tools completely automatic, it is necessary to write a procedure that translate the mesh output file produced by Gmsh into an input file readable by CalculiX. This translation is a relatively simple operation and it can be performed without a great effort using a variety of programming languages; a text file has to be read, some information has to be captured and then rewritten into a text file using some simple rules. To this aim, a simple executable file (named translate.exe) has been compiled and it will be launched whenever necessary.
A similar operation has also to be performed in an optimization context to extract the interesting quantities from the CalculiX result file and rewrite them into a compact and accessible text file. 
The optimization process driven by Scilab
The genetic algorithm toolbox, by Yan Collette, is available in the standard installation of Scilab and it can be used to solve the multi-objective optimization problem described above. This toolbox is composed by some routines which implement both a MOGA and a NSGA2 algorithm and also a version for the operations that have been performed when running a genetic algorithm, that is the encoding, the crossover, the mutation and the selection. These routines are extremely flexible and they can be modified by the user according to his/her own needs, being the source available. This is exactly what we have done, modifying optim_moga.sci script to handle the constrains (with a penalty approach) and manage the infeasible designs efficiently (i.e.: all the configurations which cannot be computed); we have then redefined the coding_ga_binary.sci to allow the discretization of the input variables as listed in Table 4 . Other small changes have been done to the routines to perform some marginal operations, such as writing partial results to a file. When the genetic algorithm requires the evaluation of a given configuration we run a Scilab script which is charged to prepare all the text files needed to perform the run and then launch the software (Gmsh, CalculiX and the other executables) through a call to the system in the right order. The script finally loads the results needed by the optimization. It is important to highlight that this script can be easily changed to launch other software or perform other operations whenever necessary. In our case eight input variables are sufficient to completely parameterize the geometry of the plate (see Figure 3) : the lower and upper bounds together with the steps are collected in Table 4 . It is interesting to note that the lower bound of variable V2 has been set to 500 [mm] , in order to satisfy the constraint on the minimal vertical dimension required for the hollow.
We can use a rich initial population, (200 designs randomly generated), considering the fact that a high number of them will violate the imposed constraints or worst be unfeasible.
The following generations will however consist of only 50 designs, to limit the optimization time.
After 50 generations we obtain the results plotted in Figure 12 and Table 5 , where the two Pareto (optimal) solutions are collected. We finally decided to choose, between the two optimal ones, the configuration with the lowest volume (named as "A" in Table 5 ). Table 5 ). In Figure 13 and 14 the vertical displacement and the von Mises stress are plotted for the optimal configuration named as "A" (see Table 5 ). maximum value of the von Mises been used, while in Figure 14 the von Mises stress extrapolated by CalculiX to the mesh nodes is plotted; this is the reason why the maximum values are different. However, they are both less than the yield limit corresponding to the steel type C, as reported in Table 3 . Another interesting consideration that can be done is that the Pareto front is made : The vertical displacement for the design A.
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In Figure 13 and 14 the vertical displacement and the von Mises stress are plotted for the optimal configuration named as "A" (see Table 5 ). Note that during the optimization the maximum value of the von Mises stress computed in the finite element Gauss points has been used, while in Figure 14 the von Mises stress extrapolated by CalculiX to the mesh nodes is plotted; this is the reason why the maximum values are different. However, they yield limit corresponding to the steel type C, as reported in Table 3 . Another interesting consideration that can be done is that the Pareto front is made page 9/11
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Conclusions
In this work it has been shown how it is possible to use open non-trivial structural optimization problem. Some aspects which characterize the commercial and the open source software have been stressed out in order to help the reader to make his/her own best choice. We are convinced that there is not the found out time to time. Whichever the choice, the hope is that virtual simulation and optimization techniques are used to innovate. In this work it has been shown how it is possible to use open source software to solve a trivial structural optimization problem. Some aspects which characterize the commercial and the open source software have been stressed out in order to help the reader to make his/her own best choice. We are ere is not the right solution but rather that the best solution has to be Whichever the choice, the hope is that virtual simulation and optimization techniques are source software to solve a Some aspects which characterize the commercial and the open source software have been stressed out in order to help the reader to make his/her own best choice. We are but rather that the best solution has to be Whichever the choice, the hope is that virtual simulation and optimization techniques are to have more information on open source software
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